INTRODUCTION.
The catalytic reduction of NO with H2 or CO to nitrogen is most effectively catalyzed by the so called three-way catalysts of which Pt and Rh form the principal constituents. A large number of papers has already been presented about NO dissociation and reaction over Pt(ll1) [l] , Pt(100) [1, 2] , Pt(ll0) [l] , Pt(210) [3] , Pt(410) [3] . On the basis of their results, Masel et a1 [3] reported that the Pt(ll1) and (110) surfaces exhibit no or a very low activity, the (100) and (210) surfaces a moderate activity and the Pt(410) surface an extremely large activity. According to Masel et all this order in activity can be understood on the basis of an electron orbital symmetry model signifying that the surface orbitals are not free to rehybridize. The results show that the dissociation of NO on both Pt and Rh is a surface structure sensitive reaction. By many authors it is believed that the surface structure sensitivity in NO dissociation also plays an important role at a pressure of 1 Bar. Therefore, knowledge concerning the role of the surface structure on the dissociation is required. Our research, presented in this paper, has been based on the question whether the order of reactivity of these planes for NO dissociation is confirmed by FEM and if other surfaces than mentioned above are perhaps even more active in NO dissociation. FEM is a powerful method for this type of research since a field emitter shows a wide variety of well defined single crystal surfaces.
EXPERIMENTAL.
The experiments were carried out in a conventional U.H.V. apparatus equipped with a glass field emission microscope. The residual gas pressure was better than 10-l0 mbar. The purity of the used gases was better than 99.99%. The Pt emitters were prepared by electrolytically etching 0.10 mm diameter Pt wire in a saturated CaC12 solutiqn at room temperature. The emitters were cleaned by heating the filament for half an hour at a temperature of 600K, followed by field evaporation at 300K until a field emission image was obtained characteristic of clean Pt. The temperature was measured by monitoring the electrical resistance of the central part of the filament to which thin Pt leads had been spotwelded. During experiments, the heating rate of the filament was O.lK/sec. Work function changes 6# were derived from the slopes of I~( I / v )~ vs 1/V plots using the Fowler-Nordheim equation I = A V~ exp ( -~~/~/ v ) where I is the field emission current, V the applied voltage, 9 the work function of the emitter and A the field independent preexponentional term. A value of 5.32 eV was used for the average work function of the emitter. The relative change in voltage at constant emission &V is defined as (Vt-Vo)/Vo. 
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RESULTS
The adsorption of NO at 80K is accompanied by a strongly varying change in work function as shown in fig.1 . At exposures < 0.1L the work function increases upon adsorption. At exposures , 0.1L the work function decreases until a minimum of -0.9 eV is reached. At higher exposures, the work function increases again until a final value of 0.4 eV is reached following a dose of 1L or more. The changes in the field emission pattern with increasing NO coverage are not very dramatical. At low coverage, the emission intensity on (110) is relatively low. At higher coverage, the FE pattern is almost similar to the clean FE pattern. When the temperature is increased the work function changes as shown in fig.2 . Starting with a tip saturated with NO at 80K, the work function decreases and a minimum is observed around 180K. At 400K a maximum is reached of about +l. 0 eV. At 450K the change in work function returns to zero. In the FE patterns ( fig.3a) , the first changes occur around 200K when the emission increases on (110), which yields a pseudo clean image. From 280K the brightly emitting surfaces (rough surfaces like (210) with a high concentration of kinked sites) inctease in emission while the emission around (110) decreases relatively. This results in an image, which is also observed for CO on platinum at the same temperature 141. Increasing the temperature to 350K yields an image which is alike to the image of an oxygen covered Pt emitter. Since a Fowler-Nordheim measurement is a time consuming procedure during these experiments, &V was used for characterization of the processes taking place during heating. Typical diagrams are shown in fig.4 . In these diagrams a decrease in voltage can be observed from 200K until 310K when the voltage increases again slightly. At 360K the voltage decreases gradually until at about 480K the voltage has returned to its initial value. Admission of hydrogen into the system at temperatures above 400K causes a fast decrease of the voltage to the initial value. This decrease is accompanied by an image change from the oxygen like image to an image characteristic of a clean platinum field emitter. Postexposure to hydrogen of a tip saturated with NO at 80K does not result in anynoticeableeffect. Neither the FE image nor the work function changes upon hydrogen admission. Preadsorption of 1L NO or 101, NO, followed by heating in an atmosphere of 5x10-~ torr hydrogen, gives initially identical results to those observed upon heating in the absence of hydrogen. Until 350K no significant change is observed when compared to NO/Pt. This is also reflected in the 6V versus T curve, as shown in fig.4 . Then, suddenly, a bright spot on (100) appears, which rapidly spreads as a ring into the direction of (110) and (111). The reaction-zone moves into the (110) direction until (210) is reached. The movement of the reaction zone into the (111) direction proceeds slower and finishes at (311) ( fig.3b) . In order to examine whether the observed effects were influenced by the presence of the high electric field strength, the experiments were repeated in the absence of the field and observation of the FEM pattern after subsequent cooling. The measurements indicate the absence of any significant field induced effect. In fig.4 it can be seen that just above 400K the reaction is completed and 6V has returned to zero. Only (110) alike surfaces remain darker than on the freshly cleaned tip. However, this effect is not caused by NO or hydrogen, since it is also observed on a clean tip after heating to 400K in ultrahigh vacuum. 
DISCUSSION
The change of work function brought about by adsorbed NO was studied by Kiskinova et a1 [5] on Pt(ll1) at 120K. They found a maximum of 0.14 eV following an exposure of 0.17L NO. At 0.5 L, 69 had decreased to -0.16 eV. They associated the two states with bridge and linearly bonded NO. This behavior is rather similar to that observed by us on the FEM tip where the 69 values are characteristic of the brightly emitting surfaces. However, at coverages above 0.5L, a third type of adsorbed species forces the work function to increase. Villarubia et a1 [6] reported on the basis of EELS experiments for NO on Rh(100) that at low coverages, there are two adsorption states of NO on Rh(100), designated as alNO and a2NO and assigned to a lying down or a highly inclined species and a vertically adsorbed specles. Apparently, for rough surfaces such as those found on a field emitter, there seems to be a third adsorption state for NO on the surface. When raising the temperature, both 6V and the work function start to increase.This may be due to some desorption of weakly bound NO in combination with some reordering or reconstruction in the adsorbed layer. From 200K there is a second effect that certainly includes NO desorption as suggested by TDS experiments by Lesley and Schmidt [2] . It is remarkable that until 300K, the images of Pt/NO are similar to those observed for C0,which is isoelectronic with NO, on platinum. This may suggest a similar nature of the adsorption bond.
At 300K 6V increases again. In our view this is due to dissociation of NO on the very rough kinked surfaces that are the highly emitting surfaces on the tip, since oxygen produces a strong increase in both work function and &V [7] Moreover, at 370K the combination of desorption and dissociation has resulted in a field emission pattern which is characteristic of an oxygen covered Pt field emitter. Since the presence of atomic oxygen reduces the emission and atomic oxygen is not very mobile at these temperatures [E], these rough surfaces have produced oxygen. A definite proof that the NO dissociation is complete on the rough tip surfaces (the brightly emitting surfaces) at 370K is obtained by admission of. hydrogen. The oxygen is removed quickly and a pattern of the clean tip appears. This shows that already at these relatively low temperatures NO dissociation was complete. On Pt(ll1) and around Pt(lll), the strong increase of emission around 350K must be attributed to desorption of NO since the presence of oxygen would decrease the emission considerably. This conclusion is supported by Gorte et a1 [l] who found on Pt(ll1) two NO desorption peaks in TDS experiments, the major one around 340K and a shoulder at 400K. NO covered (110) surfaces remain dark while the surrounding surfaces increase their emission intensities at about 300K. This situation is maintained until about 370K. Gorte et a1 [l] showed that the larger part of NO desorbs from Pt(ll0) at temperatures above 450K. From his TDS spectra it can be concluded that Pt(ll0) binds NO relatively strongly compared to surfaces like Pt(ll1). Fig.4 shows that at 500K the field emitter is clean again. The field emission pattern however is not exactly the same as that of the freshly cleaned emitter. The pattern is identical to that observed after heating a freshly cleaned tip to 500K. It shows that the structure of some surfaces on the field evaporated clean tip change upon heating to 500K. This effect is especially large for the (110) surface where the Pt(llO)(2xl)w (1x1) transitions are well known. The introduction of hydrogen into the system during heating of the NO adlayer, gives identical results as for Pt/NO until 350K. Apparently the presence of hydrogen does not influence the dissociation of NO on the rough surfaces. When NO starts to dissociate, H2 rapidly reacts with this oxygen. At 350K, however, a peculiar behavior is observed:a bright reaction front starting on (100). Hydrogen then starts to react with NO that is dissociating on (100). Since in a reaction of oxygen with hydrogen such a brightly emittxng (100) zone was not observed, adsorbed OHx species can not be the reason for this behavior. Moreover, the negative 6# produced by adsorbed H20 observed by Kiskinova et a1 [g] on Pt(ll1) is much too small to cause this enormeous brightening. In addition, the residence time of H20 or OH on the Pt surface must be too short at this temperature. Lesley and Schmidt [2] found for an Pt(100) surface, covered with NO and an excess of hydrogen that NH3 was formed. It is also known that under atmospheric reducing conditions NH3 is formed when NO is reduced on a Pt catalyst. Work function measurements of NH3 on Pt(ll1) at lOOK by Fischer [l01 show that there is a very strong decrease in work function of -3.0eV. In the case of field emission this would cause a large increase of emission from the surface, covered with NH3. No experimental data are known about the behavior of NH3 on a Pt(100) surface. Both Guthrie and Somorjai [l11 and Gland and Kollin [l21 show that at 350K NH3 is still adsorbed on Pt(ll1) and on stepped (111) surfaces. In addition, Guthrie and Somorjai calculated a mean residence time of O.lsec. for NH3 molecules on a Pt(ll1) surface at a temperature of 375K. Deuterium exchange experiments showed that already at temperatures far below 300K NHx species are able to exchange hydrogen atoms with deuterium atoms. If a Pt(100) surfacerbeing a relatively smooth surface, would behave in a similar fashion towards NH3 as Pt(ll1) does,than the emission increase on Pt(100) can be explained by the existence of NH3 or NHx species that desorb after a short time.
The reason that no emission increase was found on the very rough kinked surfaces, may be related to the relatively high heat of adsorption of hydrogen on Pt(100) [13] . At the dissociation temperature of NO, the equilibrium hydrogen coverage at the low hydrogen pressure used, must be sufficiently large for production of enough NHx species to cause the brightening effect. TDS of NO from Pt(100) measured by Lesley and Schmidt [2] shows that at 390K, when NO dissociation is observed, already a lot of NO is desorbed from the surface. They also showed that in the presence of H2, the beginning of the NO dissociation is accompanied by sharp N, and H,O peaks. Lesley and Schmidt argue that reaction of NO with hydrogen proceeds through a chemical or structural autocatalytic mechanism, which catalyzes the dissociation of NO. When the reaction proceeds over the stepped (100) surfaces, it can be seen that the reaction into the direction of (110) proceeds faster than into the direction of (111). Masel et a1 [3] concluded that Pt(410) is most active in the dissociation of NO. In our experiments no indication could be found of a special activity of Pt(410) compared with, for example, Pt(210). Also for rhodium we did not find any indication of a particularly high activity of the (410) surface [14] . Experiments on a macroscopic single crystal Pt/Rh (410) surface in our laboratory [l51 show that it is very difficult to obtain a perfectly ordered (410) surface. LEED shows a relatively high background intensity which is caused by a poor ordering of the surface. Hence, it may be that the Pt(410) surface, used by Masel et al, contains defects which makes this surface look like the surfaces with a high concentration of kinked sites which showed most activity in our experiments. In fact, polycrystalline samples, which contain lots of surface defects which can be categorized as being rough surface sites, show for both Pt and Rh a remarkable activity in the dissociation of NO (15, 16) . It is worth mentioning that we did not find any indication of NO dissociation on Pt(ll1) and on the stepped surfaces around (111) and on (110). These observations are in line with literature data by Gorte et al. [l] who show that Pt(ll1) is not active in NO dissociation. Also Chuah et al.[17] found no dissociation of NO on Pt(ll1) and the stepped regions near Pt(ll1). In summary, it can be concluded from the FEM observations that NO dissociation is indeed a surface structure sensitive reaction. Especially, surfaces with a large concentration of kinked sites, show a large activity in NO dissociation already at 300K. At 350K, NO dissociates at (100) and stepped (100) surfaces. In the presence of hydrogen, a moving reaction boundary is observed on (100) and.stepped (100) surfaces which is probably related to the formation of NHx specles.
